Introduction 37
In a dairy, moulds and yeasts are frequent contaminants contributing to spoilage of milk 38 and milk-derived products (Pitt and Hocking, 1997) . In particular dairy products, however, 39 including kefir, Scandinavian fermented milks, cheeses of the Camembert and Brie types and 40 blue-veined varieties (Beresford et al. 2001; Wouters et al. 2002) , fungi are essential for the 41 appearance and development of their typical rheological and organoleptical characteristics 42 (Cantor et al. 2004 ). Therefore, well-characterised fungal strains are used as ripening cultures 43 for the manufacture of such products (Larsen et al. 1998; Ferreira and Viljoen, 2003) . These 44 strains may be considered as components of specific starters (Parente and Cogan, 2004) ; those 45 representative of numbers and types of microorganisms present in the traditional 46 fermentations. Specific starters are particularly important in Protected Designation of Origin 47
Growth of P. roqueforti and G. candidum strains at different conditions 148
MEA plates (initial salt concentration 0%, pH 7,6) inoculated in triplicate a central point 149
with the different strains were incubated at 10 and 25ºC and the diameter of the colonies was 150 measured daily and recorded from day 2 to day 10. The rate of growth was calculated as the 151 slope of the regression curve that related the diameter of the colonies with time of incubation 152 (mm d -1 ) (Yousef and Marth, 1987) . Similarly, the effect of NaCl on growth was addressed on 153 MEA plates added before sterilisation with sodium chloride to reach a final concentration of 154 1, 2, 3, 4, 5, and 6% (w/v). Influence of the pH on growth was also evaluated in acidified 155 MEA plates at pHs of 4.0, 4.5, 5.0, and 5.5, for which sterile 10% lactic acid was added to the 156 molten medium before pouring of the plates. The beginning of sporulation was visually 157 determined by the appearance of green colour on the colony. 158
Individual parameters were combined as to recreate cheese ripening conditions. In this 159 manner, growth of the strains was evaluated in MEA plates at pH 4.5 with 5% NaCl, which 160 were then incubated at 10ºC for up to 10 days. 161 162
Production of biogenic amines 163
Strains were all examined for the production of biogenic amines by an agar plate assay as 164 described by Gardini et al. (2006) . Briefly, a solution containing 0.1 g of glucose, 0.06 g of 165 bromocresol purple, 10 g of each amino acid under assay, 900 mL of water and 15 g of agar 166 was sterilised and supplemented with 100 mL of filter-sterilised Yeast Nitrogen Base (Difco, 167 Sparks, Maryland, USA). Histidine, phenylalanine, tyrosine, ornithine and lysine (all from 168 8 Sigma) were the amino acids tested as precursors. Plates were spot inoculated with 10 6 ufc ml -169 1 and incubated at 25ºC for up to 7 days. Increase of the pH during growth turned the yellow 170 colour of the plates to purple, indicative of a positive reaction. 171 172
Statistical analysis. 173
Statistical analysis was performed using SPSS 11.0 software for Windows (SPSS Inc., 174 Chicago, IL, USA). Growth rate values were subjected to one-way ANOVA using "strain" as 175 a factor. Means were compared by the least-significant difference test (LSD test) and 176 significance was set at p<0.05. 177 178 179
Results 180
Strains of P. roqueforti and G. candidum were assayed for proteolytic and lipolytic 181 activities on SMA and TA plates, respectively. The results are summarised in Table 1. In the  182 conditions of the assay, none of the strains showed proteolytic activity on SMA plates, except 183 for a single G. candidum strain (3AM4). To elucidate whether the proteolytic activity was 184 responsible for the poor growth of the strains in this medium, all strains were further assayed 185 on MA and in MEA plates supplemented with 2% of skimmed milk. The results were 186 identical in these two media and coincident with those obtained in SMA; 3AM4 was the only 187 strain displaying a clear halo of proteolysis in all three media. A further method was utilized 188 to assess whether the absence of proteolytic activity was due to the presence in these fungi 189 strains of intracellular enzymes. Culture supernatants and cell free-extracts were 190 independently measured for proteolytic activity by the azocasein test. The results indicated 191 that the cell-free extracts of both P. roqueforti and G. candidum strains retained most of the9 proteolytic activity. However, after normalisation by protein content relative activity was 193 always higher in supernatants. As scored by the defined arbitrary units, the level of 194 proteolysis was low; values ranged among species and strains from 8.2 to 26.3, with a single 195 peak of 89.6 for strain 3AM4. 196 In contrast with the results of proteolysis, all P. roqueforti strains were shown to be 197 lipolytic in TA plates, although small differences in the size of the halos were observed (Table  198 1). G. candidum isolates seemed to be less lipolytic, with only two strains giving a halo 199 showed undetectable levels of extracellular lipase, and the two positive strains 3AM4 and 206 3AM9 showed sixteen and eight units, respectively. 207 Table 2 shows the different enzymatic activities assayed in all P. roqueforti and G. 208 candidum isolates by the semi-quantitative API-ZYM system. None of the strains displayed 209 lipase C14, trypsin, α-quimiotrypsin, β-glucuronidase or α-fucosidase activities. Small 210 quantitative differences were recorded for some activities between isolates of the same 211 species, but P. roqueforti and G. candidum strains gave rather different activity profiles. P. 212 roqueforti isolates displayed several glucosidases and galactosidases, whereas these activities 213 proved be absent in G. candidum. Alkaline and acid phosphatase activities were also lower in 214 strains of G. candidum than those in P. roqueforti, as was the naphto-AS-BI10 than those measured in the Penicillium strains; furthermore, all G. candidum presented a 217 specific low level of cysteine arylamidase, while P. roqueforti strains were shown to be 218 negative for this activity. The two control strains PB6 and VTT1 gave similar enzymatic 219 profiles to those of other strains of their respective species (Table 2) . 220
The rates of growth of P. roqueforti and G. candidum strains at different NaCl 221 concentrations (from 0 to 6%) and at 10 and 25ºC measured as the curve slope of the 222 increasing size of the colony per day of culture are summarised in Table 3 . To visualize in a 223 graphic way the effect of such conditions, a graphic representation of the effects on growth of 224 all these parameters in P. roqueforti 1AM6 is depicted in Figure 1 . In general, low NaCl 225 concentrations stimulated the mould growth (control condition: MEA plates without added 226 salt at 25ºC; Table 3 ; open squares in Figure 1 ), while concentrations of 4% or higher were 227 clearly inhibitory. Besides this stimulatory effect on growth, a low salt concentration was also 228
shown to promote sporulation in P. roqueforti (not shown), which occurred one to two days 229 earlier on plates with 1 to 2% of NaCl. In general, P. roqueforti strains showed higher growth 230 rates than those of G. candidum at all conditions. Furthermore, both salt concentration and 231 temperature proved to be inhibitorier to G. candidum than to P. roqueforti strains. 232
Commercial strains, PB6 and VTT1, displayed lower growth rates as compared to most wild 233 strains. In most cases, these differences were of statistical significance (Table 3) . 234
Lowering the temperature to 10ºC affected dramatically the growth rate of both P. 235 roqueforti and G. candidum strains (Table 3) , which was two to three times lower than that at 236 25ºC, the optimum temperature for both species. Again, growth rates of P. roqueforti were 237 higher than those of G. candidum strains. Most of our isolates exhibited a higher growth rate 238 at 10ºC than the commercial strains used as controls. 239
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Although strain to strain variations in growth were recorded for the different strains, the 240 different pH values analyzed in this work did not really affect growth rate of either P. 241 roqueforti or G. candidum strains (data not shown). 242
The development of fungi in cheese depends on the parameters analyzed, but all at the 243 same time. Therefore, growth of all strains was evaluated in MEA plates containing a 5% of 244 NaCl, acidified at pH 4.5, and the incubation proceeded at 10ºC for up to 10 days. The final 245 growth of the colonies was daily recorded and compared to that obtained in MEA plates 246 incubated in optimal conditions (25ºC, neutrality, 0% NaCl). Both growth rate and final 247 growth were affected in strains of both species. As an example, Figure 2 depicts the final 248 growth reached by P. roqueforti strains. Although this, strain to strain variations were noted, 249 and most wild strains grew faster and higher than the commercial PB6 strain. Similar results 250 were obtained for the G. candidum strains under the same conditions. Nonetheless, lower final 251 growth was obtained for the strains of this species as compared with P. roqueforti strains, in 252 accordance with the stronger inhibitory effect of each individual condition (Table 3) . 253
Under the conditions of the assay, strains of both P. roqueforti and G. candidum proved to 254 be negative by a plate assay for the production of the commonest biogenic amines in cheese: 255 tyramine, histamine, putrescine, cadaverine, and 2-phenylethylamine. 256 257 258
Discussion 259
Because of different visual and organoleptical preferences of consumers, manufacturers of 260 blue cheeses acknowledge to have at their disposal fungi strains with distinct technological 261
properties. Variability in technological parameters among strains has been repeatedly reported 262 for isolates of both P. roqueforti (Farahat, et al. 1990; López-Díaz et al. 1996 ; Larsen et al. was associated with the supernatants may have practical relevance for cheese ripening, as 296 release of enzymes is necessary in order to interact with milk components (Smit et al. 2005) . 297
The lipolytic plate assay seemed to be much more sensitive than the proteolytic assay, and 298 lipolytic activity was detected in all P. roqueforti and in two G. candidum strains. Real lipase 299 activities were detected in positive strains by plate and liquid assays based on olive oil. The 300 results did not agree, however, with those obtained by the API-ZYM system, in which the 301 assay for lipases C14 was shown to be negative for all strains. This suggests that substrates 302 might be in different biochemical states in the different tests. Alternatively, the incubation 303 time in the API-ZYM assay is perhaps too short to detect low activities. 304
The biochemical profiles measured with the API-ZYM system separated the strains 305 belonging to G. candidum from those of P. roqueforti quite well. Several glucosidases and 306 galactosidases seemed to be exclusive of the Penicillium strains, whereas G. candidum 307 showed more valine and cysteine arilamidases. The latter two enzymes could be involved in 308 the degradation of amino acids in cheese preceding the synthesis of the typical sulphur 309 compounds by this species (Bonnarme et al. 2001; Arfi et al. 2003) . Additionally, food-grade 310 14 fungi may be an excellent source of extracellular enzymes with potential biotechnological and 311 industrial application (Buzzini and Martini, 2002) . 312
During cheese ripening, P. roqueforti has to develop in the high salt concentration present 313 in the water phase of the cheese at a rather low temperature (usually between 8 and 10ºC). 314
Variability among P. roqueforti strains in growth rate at increasing salt concentrations and at 315 optimal and low temperatures has been described elsewhere (Godinho and Fox, 1981; Yousef 316 and Marth, 1987; López-Díaz et al. 1996) . In all these works, the stimulating effect on 317 sporulation of a low concentration (1%) of salt has also been reported. The fact that our wild 318 isolates of both P. roqueforti and G. candidum species grew faster than the commercial 319 controls suggest these strains may more robust for working on industrial conditions. 320 Therefore, they might be appropriate components of secondary and/or ripening cultures. In addition to a precise identification, the safety assessment of strains intended to be used 328 in food systems has to be conveniently addressed. Although not analysed in this work, the 329 toxigenic effect of P. roqueforti strains in cheese does not seem to be a matter of concern, as 330 under ripening conditions only a low level of roquefortine is produced (Erdogan and Sert, 331 2004) . The analysed strains of this work were found to be non-producers of biogenic amines 332 by a plate assay containing the amino acid precursors. These results have been further 333 confirmed by using a higher sensitive HPLC method (Fernández et al., 2007) . In fact, G. 334 15 candidum has been considered either to degrade these compounds or to inhibit production by 335 other microorganisms (Boutrou and Guéguen, 2005) . However, eukaryotic species may 336 contribute to an increase in the available pool of amino acid precursors, which in turn 337 contributes to their degradation into biogenic amines by other microbial populations 338 (Fernández et al. 2007) . 339 340 341
Conclusions 342
In conclusion, 22 strains of filamentous fungi belonging to P. roqueforti (12) showing appropriate properties to be used as maturing and adjunct cultures were readily 346 identified. Particularly, P. roqueforti 1AM10 and 1AM13, which present the highest and 347 lowest growth rates at low temperatures, respectively, will be used in controlled trials. 0  1AM14  >40  30  10  >40  0  0  >40  30  30  5  20  30  >40  0  3AM8  >40  20  5  >40  5  0  >40  >40  20  10  30  20  >40  0  3AM11  >40  30  5  >40  5  0  >40  30  30  10  30  30  >40  0  3AM12  >40  20  10  >40  5  0  >40  >40  30  30  30  >40  >40  0  3AM15  >40  30  10  >40  5  0  >40  >40  30  10  >40  >40  >40  0  3AM16  >40  30  5  >40  0  0  >40  30  30  5 1AM6  1AM8  1AM10  1AM11  1AM12  1AM13  1AM14  3AM8  3AM11  3AM12  3AM15  3AM16  PB6  1AM6  1AM8  1AM10  1AM11  1AM12  1AM13  1AM14  3AM8  3AM11  3AM12  3AM15 (25ºC, pH 7.6, 0% NaCl) as compared with conditions simulating cheese ripening (10ºC, pH 4.5, 5% NaCl).
